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Abstract 
Fly ash is one of the most industrial waste residues in china. The utilization of fly ash has important economic 
significance and environmental value. Fly ash has the same physicochemical property with the limestone mineral 
powder, which makes it possible for replacement of mineral powder by fly ash. In this article, the Bituminous 
concrete 16 is taken as the basic material, the limestone mineral powder mixing amount is respectively 5%，6%，
7%；and simultaneously the fly ash was taken to replace the limestone mineral powder completely；and then 
dynamic stability of the six different specimens were measured by the rutting test. The research result shows that the 
fly ash added can improve the high temperature stability of the bituminous mixture efficiently. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Fly ash is the main solid waste discharged by coal-fired power plant. In China, the annual emission of 
fly ash is more than 0.3 billion tons, and it is one of the main industrial waste residue. How to utilize the 
fly ash comprehensively is an important technical economic policy in China economic construction. In 
China, the expressway is in lager scale construction. The Bituminous concrete pavement is the most main 
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pavement structure, and the limestone mineral powder is often used as the filler in bituminous concrete. 
The limestone mineral powder produced will pollute to environment, and the price of limestone mineral 
powder is high for the great demand quantity. Early research result find that the fly ash has the similar 
physico-chemical characteristics with the limestone mineral powder. If the fly ash can replace the 
limestone mineral powder as filler in bituminous concrete partly or completely, that will produce large 
economic and environmental benefit 
High temperature stability is one of the most important pavement performances. In this article, the 
common Bituminous concrete 16 (AC16 for short) is taken as the research object. The effect to the high 
temperature stability of Bituminous concrete from the fly ash is studied by rutting test. 
2. Raw Material and Mixture ratio 
2.1. Raw Material 
Bituminous. Because the 90 Bituminous is used widely in Hebei Province; in this article, the Shell 90 
Bituminous was used, and its indexes all meet the code requirement. The physical indexes have been 
showed in Table 1. 
Table 1. Bituminous physical indexes 
Penetration 
（25℃,100g，5s）(0.1mm)
Ductility
（5cmmin，25℃）(cm)
Softening point
(℃)
Flash point
(℃)
Wax content 
(%) 
Density
（15℃）(s/cm3) 
91.6 129.5 49.1 262 2.4 0.995 
Aggregate. The aggregate in Bituminous mixture should be hard and no weathering; aggregate 
particles are prism or cube, and have Number of fracture planes. In this article, the aggregate is Luquan 
aggregate, and its indexes all meet the code requirement. 
Limestone mineral powder. The mineral powder is the local limestone mineral powder. The physical 
and chemical indexes of mineral powder have been showed in Table 2.  
Table 2. physical and chemical indexes of mineral powder 
Apparent density(g/cm3） Water content (%) Appearance Hydrophilic coefficient Plasticity index (%) 
2.68 0.91 No crumb and caking 0.9 3.6 
Fly ash. The fly ash is divided into high calcium fly ash and low calcium fly ash, the low calcium, used 
in this article, is produced by Shijiazhuang second thermoelectric plant. The physical and chemical 
indexes of fly ash have been showed in Table.3. 
Table 3. physical and chemical indexes of fly ash 
Apparent density(g/cm3） Water content (%) Appearance Hydrophilic coefficient Plasticity index (%) 
2.29 0.93 No crumb and caking 0.83 3.5 
2.2. Bituminous mixture gradations 
The《 Specifications for construction of Highway Bituminous Pavement》 (JTG F40-2004) has 
regulated the gradation range of theAC16. According to the screening result of aggregate, the mineral 
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aggregate gradation was determined many attempts. The addition of mineral powder is respectively 5%, 
6%, 7%, and the three additions all meet the specification requirement. In order to research fly ash, the 
mineral powder was replaced completely by fly ash, so the addition is also respectively 5%, 6%, 7%. The 
research included six test schemes. The detailed composite gradation has been shown in the Table 4. 
Table 4. Gradation of six test schemes 
Sieve pore (mm)
Passing rate（%）
19 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075 
C
om
posite gradation 
5% /mineral power 100 100 82.3 70.7 44.8 34.8 27.3 22.3 11.6 6.3 4.8 
5%/Fly ash 100 100 82.3 70.7 44.8 34.8 27.3 22.3 11.6 6.3 4.8 
6%/mineral power 100 100 82.3 70.7 44.8 35.0 27.7 22.8 12.4 7.2 5.7 
6%/fly ash 100 100 82.3 70.7 44.8 35.0 27.7 22.8 12.4 7.2 5.7 
7%/nieral powder 100 100 82.3 70.7 44.9 35.2 28.0 23.3 13.2 8.1 6.7 
7%/fly ash 100 100 82.3 70.7 44.9 35.2 28.0 23.3 13.2 8.1 6.7 
Gradation range of 
specification 100 
100～
100 
76～
92 
60～
80 
34～
62 
20～
48 
13～
36 9～26 7～18 5～14 4～8
2.3. Optimum Bituminous content 
The optimum bituminous content of hot-mix Bituminous mixture is determined by the Marshall 
method. The optimum bituminous contents of the six test schemes have been shown in Table 5. 
Table 5. Optimum Bituminous content of six test schemes 
amount of mineral powder(%) 5 5 6 6 7 7 
Amount of fly ash(%) 0 100 0 100 0 100 
optimal Bituminous content(%) 4.08 4.20 4.24 4.32 4.28 4.37 
3. Research of high temperature stability 
3.1. Test method 
The hot-mix bituminous mixture will produce distortion under high temperature environment, in 
essence, the shear slip failure appears in the interior of Bituminous mixture. The basic reason of 
deformation failure is insufficient strength of bituminous mixture. 
The《Specifications for construction of Highway Bituminous Pavement》(JTG F40-2004) of China 
regulate: “aiming at Bituminous mixture, the high temperature stability should be test by rutting test”. The 
rutting test, as engineering test, can fully simulate the practice wheel driving on the bituminous pavement 
and then forming the wheel rutting. In the rutting test, the test temperature, the test condition, such as load, 
specimen thickness, specimen size, shaping condition, can be changed in order to research the effect of 
different factors on the wheel rutting. The specification regulates that the high temperature stability 
should be represented by dynamic stability. The calculation method of dynamic stability has been shown 
by the formula.1. 
94  Jianhong Di and Zhanliang Liu / Energy Procedia 16 (2012) 91 – 96
 Jianhong Di Zhanliang Liu/ Energy Procedia 00 (2011) 000–000 
DS=(t2-t1)×N/(D1-D2) ×C1×C2                                                                                          (1) 
In the formula, the DS represents the dynamic stability of Bituminous concrete, the unit is Times/mm; 
the d1 represents the deformation amount of specimen after 45 minutes, the unit is mm; the d2 represents 
the deformation amount of specimen after 60 minutes, the unit is mm; C1 represents the correction 
coefficient machine type, this test value is 1.0; C2 represents specimen coefficient, the test value is 1.0; N 
represents the roundtrip compacted speed, the value is 42 Tims/min. 
3.2. Test result and analysis 
The test results have been shown in the Table 6, Table 7, Fig.1, Fig.2.  
Table 6 Test record of rutting test 
Filler Addition 
(%) 
Fly ash 
(%) 
Specimen 
number 
d1
(mm) 
d2
(mm)
Dynamic stability
(times/mm) 
average value 
(times/mm) 
Specification regulation 
(times/mm) 
5
0
1 5.12 5.85 861 
813 
No less than 800 
2 5.32 6.08 831 
3 4.77 5.61 747 
100 
1 4.66 5.30 989 
1036 2 5.15 5.70 1145 
3 4.35 5.00 974 
6
0
1 3.98 4.67 913 
846 2 4.64 5.39 839 
3 4.88 5.68 788 
100 
1 5.07 5.63 1121 
1047 2 4.76 5.37 1034 
3 5.16 5.80 985 
7
0
1 4.22 5.02 791 
836 2 5.31 6.07 826 
3 5.69 6.40 891 
100 
1 3.77 4.42 967 
1087 2 4.35 4.90 1145 
3 4.41 4.96 1149 
Table 7 Results comparison of rutting test 
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Filler addition/% 5 6 7 
Fly ash /% 0 100 0 100 0 100 
Optimal Bituminous content/% 4.0 4.3 4.2 4.5 4.3 4.7 
Dynamic stability/Times/mm 813 1036 846 1047 836 1087 
Increasing rate/% 27.4 23.8 30.0 
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Fig.2. Increase rate of dynamic stability by fly ash 
The result of test shows that the fly ash added can improve the high temperature stability obviously 
than the mineral power added, the most maximum increase rate of dynamic stability can reach 30%. The 
change of adding quantity of the fly ash has no obvious effect to the dynamic stability. When the fly ash 
addition is increased from the 5% to 7%, the increasing of the dynamic stability is only 51 Times/mm. 
The enhancement mechanism is because the periphery of fly ash has many arris of arriscrystalline solid. 
When the fly ash is added, the additional friction force will be generated in the bituminous mixture, so the 
physical forces will be increased. When the fly ash combines with the bituminous, its chemical action will 
produce chemical force.In a word, the physical force of fly ash and the chemical force produced by fly 
ash and Bituminous both can improve the high temperature stability obviously than the mineral powder. 
The additive effect of fly ash is better than the mineral powder. 
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4. Conclusion 
The result of research shows the fly ash can improve the high temperature stability of bituminous 
mixture obviously than the mineral powder. When the fly ash is added into the bituminous mixture, the 
dynamic stability will increase slowly with the fly ash addition growth. 
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